ple, routine tasks mainly requiring the use of handheld tools and, in some cases, considerable physical effort) occupations (Korea Ministry of Labor, 2009) . Women in these particular job sectors are often required to lift and move heavy items and thus are susceptible to back pain and musculoskeletal disorders (Ben-Masaud et al., 2009; Holtermann, Blangsted, Christensen, Hansen, & Søgaard, 2009) . Handling heavy items poses potentially serious health risks for women of childbearing age because doing so may damage or weaken the pelvic floor muscles (Miedel, Tegerstedt, Maehle-Schmidt, Nyrén, & Hammarström, 2009; Senturia, 1997) . Moreover, working women in South Korea have the longest work hours of women in all of the Organization for Economic Co-operation and Development member states; 76% of working women in South Korea worked more than 40 hours each week in 2007 (Organization for Economic Co-operation and Development, 2010) . Accordingly, women who handle heavy items for prolonged workdays are vulnerable to health problems.
Excessive physical exertion during pregnancy has physiological effects, including increased abdominal pressure and changes in uterine blood flow, hormone balance, and nutritional status, all of which influence survival and growth of the fetus (Ahlborg, 1995; Haelterman, Marcoux, Croteau, & Dramaix, 2007) . Pregnant workers who handle heavy items are at increased risk for negative pregnancy outcomes, including spontaneous abortion, premature delivery, delivery of small for gestational age infants, and preeclampsia (Banerjee, Dey, & Chatterjee, 2005; Bonzini, Coggon, & Palmer, 2007; Fortier, Marcoux, & Brisson, 1995; Haelterman et al., 2007; Luke et al., 1995; McDonald et al., 1988; Mozurkewich, Luke, Avni, & Wolf, 2000; Saurel-Cubizolles & Kaminski, 1987) .
The Labor Standards Act of Korea prohibits pregnant working women from handling items that exceed 10 kg (Korea Ministry of Labor, 2011) . The law also prohibits pregnant women from managing items that weigh more than 5 kg as part of their regular duties. The International Labor Organization has also developed recommendations regarding physically demanding tasks (e.g., lifting packages and manually transporting, pushing, or pulling items) to ensure the safety of working women who have become pregnant or are rearing young children (International Labor Organization, 2000) . Despite the presence of such regulations, many women are still expected to lift heavy items during their pregnancies. According to the Korean Longitudinal Survey of Women and Family, only one third of workplaces have a protection policy for pregnant workers (Lee, Kim, Woo, Lee, & Kang, 2009) .
Although handling heavy items can have negative effects on pregnancy outcomes, little research has been conducted in South Korea. Most studies of Korean working women have focused on physical and psychological factors such as musculoskeletal disorders and stress and depression (Kim, Cho, Lee, Marion, & Kim, 2005; Nam, Kim, Lee, & Kim, 2011) . To establish protection strategies for pregnant working women, the authors explored the relationship between work burdens, especially handling heavy items, and spontaneous abortion in a representative sample of South Koreans. This study focused on spontaneous abortions because spontaneous abortions are a measure of the effect of the work environment on women's health (Georgy, 2006) and the most common complication of early pregnancy (Petrozza, 2006) .
The main purpose of this study was to determine the relationship between spontaneous abortion and the handling of heavy items by pregnant South Korean workers. The research questions were:
1. Does the incidence of spontaneous abortion differ significantly between women who are and women who are not required to handle heavy items at work? 2. Is handling heavy items at work during pregnancy a significant predictor of spontaneous abortion after controlling for general characteristics of the participants and their work environments?
METHODS

Study Design
This cross-sectional comparative survey was designed to determine the relationship between handling heavy items at work during pregnancy and spontaneous abortion among working women in South Korea. The study was approved by the institutional review board of the Catholic University of Korea.
Sample
This study was part of a larger survey of maternity benefits conducted by the Korean Labor Research Institute. The target population included 37,717 women who received maternity benefits through the National Employment Insurance Plan from November 1, 2001 , to March 30, 2003 . A stratified random sampling design was applied to the target population. One thousand working women were selected from 15 primary sampling units: 7 metropolitan cities and urban areas in 8 provinces. The Korean Labor Research Institute data were used to measure the relationship between handling heavy items during pregnancy and spontaneous abortion.
Data Collection
Data were collected from May 1, 2003 , to May 15, 2003 , by trained interviewers from a specialized survey Employers must protect pregnant women by establishing policies prohibiting their lifting heavy items during pregnancy. Occupational health nurses must advise employers about job modification for and reassignment and transfer of pregnant women who lift heavy items. Occupational health nurses must teach working women how to minimize the risk of injuring themselves while lifting.
Applying Research to Practice
agency via the telephone. An advantage of telephone interviews is ease in rapidly completing interviews no matter where respondents are living (Dillman, 1978) . Before participants could start the survey, the inclusion criterion (i.e., receipt of maternity benefits) was verified. Potential participants were briefed on the purpose of the study, and women who agreed to take part were interviewed. Informed consent forms were secured through the mail. To check for consistency and verify identity, several random questions were repeated.
Instruments and Measures
To generate content for the larger survey, several expert group discussions occurred. To establish content validity, 20 experts who study working women were asked to review the survey.
The survey included information on participants' general characteristics (e.g., age and length of employment), employment characteristics (e.g., hours worked per week, employment status, type of work, risks in the work environment, and handling of heavy items), and history of pregnancy outcome (e.g., number of children and history of spontaneous abortion). Hours worked during pregnancy included regular, nighttime, and holiday work hours.
Handling of Heavy Items. In this study, the handling of heavy items was defined as loading and transporting items that weighed more than 5 kg, per the Labor Standards Act of Korea. The handling of heavy items was self-reported by working women, regardless of frequency.
History of Spontaneous Abortion. History of spontaneous abortion was assessed using the question, "Have you experienced the unintentional expulsion of an embryo or fetus before the 20th week of gestation?" Risks in the Work Environment. Risks in the work environment during pregnancy were categorized by exposure to physical, chemical, and infectious agents and measured using a Likert scale (1 = not at all and 4 = extremely). A 16-item, self-report tool was used to measure exposure to risks. Physical agents were mechanical in nature or involved contact with objects that can cause harm (National Institute for Occupational Safety and Health, 2003) . Physical-agent exposure scores were calculated by summing six items (i.e., noise, dust, oxygen insufficiency, inappropriate temperature, vibration, and risk of collapse), for which the possible scores ranged from 6 to 24. The reliability of the questions, as measured by Cronbach's alpha, was 0.85 in this study. According to Council Directive 98/24/EC, a chemical agent is "any chemical element or compound, on its own or admixed, as it occurs in the natural state or as produced, used or released, including released as waste, by any work activity, whether or not produced intentionally and whether or not placed on the market" (Council of the European Union, 2011). This study identified nine chemical agents (i.e., lead, mercury, ethylene glycol, arsenic, benzene, fluorine, chlorine, phenyl, and chloroethylene). Exposure to chemical agents was calculated as the sum of nine items, with scores ranging from 9 to 36. The reliability of the questions in this section produced a Cronbach's alpha of 0.97. The risk of infectious-agent exposure was defined as potential exposure to pathogenic organisms. Exposure to chemical agents was measured with the question, "How often are you exposed to pathogenic organisms such as bacteria, viruses, or cysts in the work environment during pregnancy?"
Analysis
To analyze the data, participants were divided into two groups: (1) those who handled heavy items during pregnancy and (2) those who did not. To compare the participants' general characteristics, the chi-square test was used to analyze categorical data and the t test to analyze continuous data with normal distribution. After adjusting for confounding variables (i.e., age, number of children, length of employment, hours worked, employment status, type of work, and risk in the work environment), a logistic regression analysis was conducted to determine the influence of heavy item handling on spontaneous abortion. Participants were then subdivided into those who handled heavy items (heavy-item handlers) and those who did not (nonheavy-item handlers) during pregnancy, with the latter serving as a control group.
The researchers used SAS software, version 8.2, for data manipulation and analysis. A p value of less than .05 was statistically significant. Table 1 displays the general and professional characteristics of the heavy-item and nonheavy-item handler groups. Of all participants, 10.5% reported handling heavy items during work. The average age of participants in the heavy-item handler group was 31.06 years, compared with 31 years in the nonheavy-item handler group. Heavy-item handlers had a mean of 1.34 children, versus 1.40 for nonheavy-item handlers. In addition, the heavy-item handlers had worked for an average of 9.61 years, compared with 9.26 years for the nonheavy-item handlers. Because no significant differences were found between the two groups regarding age, number of children, and length of employment, the researchers assumed that these general characteristics were evenly distributed across the study groups.
RESULTS
General Characteristics of the Sample
Heavy-item handlers worked an average of 51.63 hours per week during pregnancy, which was more than the average of 48.53 hours recorded for the nonheavyitem handlers (p < .00). In the heavy-item handler group, 41.9% worked more than 52 hours per week and 8.6% worked fewer than 44 hours per week. In contrast, 26% of the nonheavy-item handlers regularly worked more than 52 hours per week and 16.9% worked fewer than 44 hours per week. No significant differences were observed regarding employment status; more than 95% of both heavy-item handlers and nonheavy-item handlers had full-time jobs. Although 27.7% of heavy-item handlers were engaged in shift or variable-schedule work, only 11% of nonheavy-item handlers were engaged in similar work schedules (p < .00). In the heavy-item handler group, the mean scores for exposure to physical, chemical, and infectious agents were 8.87, 9.67, and 1.22, respectively; the scores were higher for nonhandlers (p < .00). Table 2 provides the incidence of spontaneous abortion in the heavy-item and nonheavy-item groups. Overall, 11.1% of the participants reported having experienced a spontaneous abortion. When divided by group, 20% of the heavy-item handlers reported spontaneous abortion, versus 10.1% of nonheavy-item handlers (p < .01). Table 3 displays the results of the logistic regression analysis. Handling heavy items, age, and hours worked were significant predictors of spontaneous abortion (p < .05). The spontaneous abortion odds ratio (OR) for heavyitem handlers was 3.39 (95% confidence interval [CI] = 2.06-5.60; p < .00) after adjusting for confounding variables. Working women who were at least 35 years old had a significantly lower OR for spontaneous abortion compared with those who were younger than 30 years (OR = 0.46; 95% CI = 0.22-0.98; p < .05). For those who worked, on average, more than 44 hours but fewer than 48 hours per week, the spontaneous abortion OR was 2.05 (95% CI = 1.15-3.63; p < .05). Furthermore, women who worked more than 48 hours but fewer than 52 hours per week had a spontaneous abortion OR of 1.81 (95% CI = 1.02-3.22; p < .05). Finally, women who, on average, worked more than 52 hours per week had a spontaneous abortion OR of 2.08 (95% CI = 1.16-3.74; p < .01).
Incidence of Spontaneous Abortion
Relationship Between Handling Heavy Items and Spontaneous Abortion
DISCUSSION
Using a representative sample from South Korea, the researchers found that 20% of working women who regularly handled heavy items during pregnancy experienced spontaneous abortions, a significantly higher percentage than among those who did not (10.1%). This difference may be attributed to heavy-item handlers working significantly longer hours than nonheavy-item handlers. Niedhammer, O'Mahony, Daly, Morrison, and Kelleher (2009) demonstrated that longer work hours negatively impact pregnancy outcomes. According to their study, an association was found between working 40 hours or more per week and a birth weight of 3,000 g or less. Jung, Ko, Kim, and Jo (2000) also argued that mean work time influences the onset of abortion (OR = 5.70; 95% CI = 1.34-24.27).
Heavy-item handlers may experience higher rates of spontaneous abortion because they are more likely to be engaged in shift or variable-schedule work than nonheavy-item handlers. A recent study has shown that the risk of premature delivery is 50% higher among women who work night shifts (between 10:00 p.m. and 7:00 a.m.), compared with those who work daytime hours (Pompeii, Savitz, Evenson, Rogers, & McMahon, 2005) . Moreover, a significant relationship has been established between night-shift work and premature birth (OR = 1.24; 95% CI = 1.06-1.46) (Mozurkewich et al., 2000) . Nurminen (1998) analyzed studies associating shift work with the health of pregnant women and found that seven of nine studies concluded that the risk of spontaneous abortion increased when non-daytime work hours were involved. Nurminen (1998) also reported that four of these studies established a relationship between rotating-shift work and spontaneous abortion.
To examine the link between spontaneous abortion and handling heavy items, adjusting for hours worked per week and shift work, logistic regression analysis was used. It was observed that handling items weighing greater than 5 kg was significantly related to spontaneous abortion. This result is consistent with previous research examining the relationship between physical labor and negative pregnancy outcomes (Ahlborg, 1995; Banerjee et al., 2005; El-Metwalli, Badawy, El-Baghdadi, & ElWehady, 2001; Koemeester, Broersen, & Treffers, 1995; Mozurkewich et al., 2000) . A retrospective cohort study detected a relationship between work-related physical exertion and spontaneous abortion. Banerjee et al. (2005) found working women to be at greater risk of spontaneous abortion than nonworking women (OR = 1.50). El-Metwalli et al. (2001) reported that women who had spontaneous abortions participated in significantly more lifting and bending activities than the group of women with favorable pregnancy outcomes. Florack, Zielhuis, Pellegrino, and Rolland (1993) reported a significant relationship (OR = 3.2; 95% CI = 1.3-9.8) between spontaneous abortion and the use of bending positions during work. In addition, a study in Finland documented that handling heavy items, including patients in health care settings, was significantly associated with spontaneous abortion (Taskinen, Kyyronen, & Hemminki, 1990) . McDonald et al. (1988) , who studied 5,010 individuals who had experienced spontaneous abortions, found an association (adjusted OR = 2.0; 95% CI = 1.5-2.5) between spontaneous abortion and lifting heavy weight more than 15 times daily.
Some researchers examined negative pregnancy outcomes other than spontaneous abortion. Exposure to a high-level physical workload also increased the risk of preterm birth (Escribá-Agüir, Perez-Hoyos, & SaurelCubizolles, 2001 ). Mozurkewich et al. (2000) a meta-analysis of 29 articles and noted a significant relationship between physical demand and premature birth (OR = 1.22; 95% CI = 1.16-1.29), small for gestational age (OR = 1.37; 95% CI = 1.30-1.44), and high blood pressure and preeclampsia (OR = 1.60; 95% CI = 1.30-1.96). Koemeester et al. (1995) demonstrated that heavy daily exertion during pregnancy was a factor in the age of a fetus at birth. In a cohort study, Klebanoff, Shiono, and Carey (1990) found a link between standing and premature births (OR = 1.31), but no link between heavy labor and premature births. To analyze the relationship between physical effort and spontaneous abortion, Fenster, Hubbard, Windham, Waller, and Swan (1997) conducted a cohort study of 5,144 pregnant workers. They found no relationship between physical effort and spontaneous abortion. Moreover, they argued that standing for more than 7 hours per day was significantly associated with a higher OR for two spontaneous abortions (OR = 1.7; 95% CI = 1.1-2.6). Previous studies that have attempted to link physical labor and spontaneous abortion have reported inconsistent results. The results of the current study, however, support previous research demonstrating that handling heavy items during pregnancy can lead to spontaneous abortion.
LIMITATIONS
This study used a secondary data set, which limited variables to those selected by the Korean Labor Research Institute. As a result, the following variables could not be examined: handling frequency, behavioral health factors (e.g., smoking, alcohol use, and leisure time physical exercise), and health-related factors (e.g., vascular disease, diabetes, hormonal problems, infection, and abnormalities of the uterus) (Madsen et al., 2007; Stöppler, n.d.; Venners et al., 2004) . Future studies should consider some of these variables that might influence the incidence of spontaneous abortions among working women. In addition, all information was collected through a self-report survey, limiting the accuracy of the data. However, many previous studies have reported high correlations between self-reported and actual values (Dekkers, van Wier, Hendriksen, Twisk, & van Mechelen, 2008) .
Despite these limitations, the results of this study are important. This was the first study of the relationship between handling heavy items and spontaneous abortion using nationwide data from South Korea. Given the current situation in South Korea regarding low birth rate, these results highlight the importance of protecting and improving the health of working women in South Korea.
IMPLICATIONS FOR PRACTICE
Contributing to positive pregnancy outcomes for working women is an important issue in many industrialized countries with decreasing fertility rates. To protect and promote the health of women who lift heavy items during pregnancy, the researchers investigated the relationship between handling heavy items and spontaneous abortion using a representative sample of South Koreans. After adjusting for general participant characteristics and work environment, this study showed that handling heavy items during pregnancy is associated with increased risk of spontaneous abortion.
These results demonstrate that caution should be taken when assigning pregnant women to duties that involve handling heavy items. Employers must protect pregnant women by establishing policies prohibiting them from lifting heavy items during pregnancy. The South Korean government should strictly enforce laws concerning the safety of pregnant workers and educate employers about the importance of policies for worker safety. Occupational health nurses must advise employers about job modification for and reassignment and transfer of pregnant women who lift heavy 
